Abstract: This paper addresses technology transfer from the US Department of Defense (DoD), focusing primarily on licensing of DoD technology to the private sector. It first presents a profile of DoD as a substantial generator of new technology and patented inventions. Then, it discusses how DoD traditionally has engaged in technology transfer. Next, the paper highlights an approach DoD has been developing to improve the volume and value of its licensing to industry -the use of 'partnership intermediaries'. This section focuses primarily on TechLink, one of DoD's oldest partnership intermediaries, to illustrate the rationale, methodology and utility of partnership intermediaries. 
Introduction
This paper focuses on technology transfer from the US Department of Defense (DoD) to the private sector, with special emphasis on licensing of DoD technology. It first presents a profile of DoD as a substantial generator of new technology and patented inventions -both through its own intramural research and in cooperation with industry. Next, the paper discusses how DoD traditionally has engaged in technology transfer, providing an overview of enabling legislation, agency motivations, benefits, and issues that complicate DoD technology transfer to industry.
Following this background, the paper highlights an innovative approach that DoD has been developing to improve the volume and value of its licensing to industry -the use of 'partnership intermediaries'. This section focuses on TechLink, one of DoD's oldest and most successful partnership intermediaries, to illustrate the rationale, methodology, and utility of partnership intermediaries. TechLink's primary activity is facilitating licensing of DoD technology to industry and it exemplifies the strengths of the partnership intermediary approach. The paper concludes with a case study of a TechLink-facilitated licensing agreement.
Profile of DoD R&D and technology transfer
The United States (US) DoD is one of the world's largest Research and Development (R&D) organisations. In FY 2006, its expenditures for 'Science and Technology' (S&T), representing basic and applied research as well as advanced technology development, were nearly US$ 13.8 billion (AAAS, 2006 ). DoD's S&T funding has been slowly recovering since 1990 to the levels experienced at the end of the Cold War in the late 1980s (AAAS, 2006) . Of DoD's S&T funding in FY 2006, basic research accounted for approximately US $1.5 billion, applied (including medical) research for US$ 5.7 billion, and advanced technology development for US$ 6.6 billion (AAAS, 2006) . Approximately 40% of DoD's basic and applied research budget is expended by the approximately 100 DoD laboratories located throughout USA; another 35% is spent on R&D contracts with industry; and the remainder goes to universities, colleges, and non-profit organisations (Koizumi, 2006) . The majority of DoD's advanced technology development is conducted by the private sector. DoD technology transfer involves multiple forms of collaborations between DoD labs and the private sector. The most common type involves Cooperative R&D Agreements (CRADAs). CRADAs enable industry to collaborate with DoD labs to jointly research and develop technologies having both commercial and military applications. DoD labs establish far more CRADAs than any other federal agency in USA. For example, in FY 2003, DoD accounted for 52% of all active US federal lab CRADAs (not including 'special purpose' CRADAs covering activities such as material transfer and testing services). This is far ahead of the agency in second place, the Department of Energy (DOE), which had 23% of the federal total (DOC, 2004) .
In FY 2005, DoD had 2262 active CRADA projects, not counting special purpose CRADAs (DoD OTT, 2006) . CRADAs are a significant source of income to certain DoD labs, because industry is often willing to pay to access DoD's expertise and unique facilities and equipment. For example, in FY 2005, DoD received slightly over US$ 60 million from its private-sector CRADA partners (DoD OTT, 2006) .
The nationwide network of DoD labs generates significant numbers of new inventions each year in virtually all major technology fields, including advanced materials, aerospace, biomedicine, communications, electronics, environmental technology, photonics, sensors, and software. DoD researchers disclose well over 1000 new inventions each year. In FY 2005, DoD labs disclosed 1220 new inventions (DoD OTT, 2006) . That same year, DoD filed a total of 798 patent applications and was issued 430 patents (DoD OTT, 2006 ). DOE's figures in these intellectual property areas are very close to DoD's: In FY 2003, the two agencies together accounted for 78% of all issued US patents (DOC, 2004) . However, DoD leads all federal agencies in patenting. From FY 1999 -2003 , DoD was issued a total of 2955 patents, compared to 2825 for the DOE (DOC, 2004) .
Licensing agreements are the main mechanism through which patented and patent-pending inventions are transferred to the private sector. In this area of technology transfer, DoD has traditionally fallen behind other agencies in the federal laboratory system. In FY 2003, for example, Health and Human Services (HHS, which includes the National Institutes of Health) accounted for 36% of the total number of active licenses, DOE for 33%, DoD for 10%, NASA for 8%, and the US Department of Agriculture for 7% (DOC, 2004) .
HHS and DOE's much larger percentages of licenses than DoD's reflect, in significant part, the fact that many DoD patents have limited commercial potential, with claims specific to military technology -such as missile guidance systems, submarines, and artillery -or claims intended to prevent patenting on the same technology by other parties. However, it also reflects the fact that, traditionally, DoD has placed less emphasis on patent licensing.
Traditional DoD technology transfer

Enabling legislation
US federal technology transfer has been enabled by several key pieces of legislation. In 1980, the US Congress passed two major legislative acts that form the basis for technology transfer from all federal agencies in USA, including DoD. Commonly known as the Stevenson-Wydler and the Bayh-Dole acts, these two pieces of legislation have had a major impact on the US economy and on the entire US federal laboratory system. The Stevenson-Wydler Act, officially the Technology Innovation Act of 1980, authorised and mandated the establishment of an Office of Research and Technology Applications (ORTA), in each federal laboratory possessing a total annual budget of more than $20 million (TIA, 2000) . Each laboratory was required to assign at least one full-time professional staff person to the office, and beginning in 1982, fund the office at a minimum level of 0.5% of its R&D budget. This office was to be dedicated to fostering technology transfer between the laboratories, state and local governments, and the private sector. The primary focus of the Stevenson-Wydler Act was dissemination of information on the R&D being conducted within federal laboratories and getting these labs actively involved in the technology transfer process (TIA, 2000) .
The Bayh-Dole Act, officially titled the "University and Small Business Patent Procedures Act", was signed into law shortly after Stevenson-Wydler and had a substantially different focus (USBPPA, 2000) . Its primary intent was to encourage the use of the US patent system to promote the utilisation and commercialisation of inventions resulting from the expenditure of federal research dollars. Prior to Bayh-Dole, universities, other non-profit institutions, and small companies did not have any rights to inventions that they first conceived under federally funded grants and contracts. However, under Bayh-Dole, these entities can elect to retain title to any inventions made with funding support from the federal government. More important for the subject of this paper, the Bayh-Dole Act authorised all federal agencies to patent and license out their own inventions (USBPPA, 2000) .
Both the Stevenson-Wydler and Bayh-Dole acts have been modified and extended since 1980 through the passage of other legislation. The first major change occurred with the passage of the Federal Technology Transfer Act of 1986 (FTTA, 1986) . That act had several provisions that extended, improved, and clarified elements of the previous legislation. The FTTA made technology transfer the responsibility of all federal laboratory scientific employees and mandated that technology transfer be considered in those employees' performance evaluations. The act also empowered each agency to give laboratory directors the authority to enter into CRADAs and negotiate licensing agreements. Another important feature of this act was the establishment of royalty sharing with laboratory inventors -to promote patenting and licensing -and the use of licensing fees to reward other innovators.
The National Technology Transfer and Advancement Act of 1995 (NTTAA, 1995) was the next piece of legislation to have a major impact on the development and licensing of federal technology. This law essentially provided assurances to all US companies, whether large or small, that they would be granted sufficient intellectual property rights under a CRADA to justify their expenditure of resources to develop the technology. Under NTTAA's provisions, any inventions made exclusively by the company during the course of a CRADA project belong to that company. If DoD independently invents new technology under a CRADA, the participating company automatically is awarded a non-exclusive, irrevocable, paid-up license to that technology and can request an exclusive license, which will be granted on reasonable terms. If technology is jointly invented, both parties own the technology; however, for reasonable compensation, DoD will license its share to the partnering company.
The final piece of legislation that had a significant impact was the Technology Transfer Commercialisation Act of 2000 (TTCA, 2000) . That legislation enabled federal laboratories to include licenses to pre-existing government inventions under a CRADA, making involvement in CRADAs more attractive to private industry. The act also established the requirement that a company applying to license a federal government invention both submit a plan for development and/or marketing of the invention and make a commitment to bring the invention to practical application within a reasonable period of time. Finally, the act required the federal government to provide a 15-day public objection period prior to granting any exclusive or partially exclusive license to its inventions. Inventions made under a CRADA are specifically excluded from the public notice requirement.
DoD motivation for technology transfer
The US DoD is a mission-driven organisation, with its basic and applied research highly focused on national defense. Traditionally, DoD laboratories were not concerned with technology transfer. They were well funded and much of the technology that they developed was withheld from patenting, publication, and dissemination regardless of whether it was classified. To a large degree, patents were 'defensive' -written primarily to establish that DoD had invented a given technology to avoid having to pay royalties to defense contractors and to prevent it from being blocked from the use of militarily important technologies (OTP, 2000, p.56) .
However, after the end of the Cold War and subsequent demise of the Soviet Union in the early 1990s, DoD began to reassess its methodology for achieving its defense mission in anticipation of declining R&D budgets. DoD also recognised that leading-edge technology in many critical areas was being developed by the private sector. In addition, in 1993, the US Congress established the Office of Technology Transition (OTT) within DoD (in the Office of the Secretary of Defense) to help ensure that technology developed for national security purposes becomes transferred to the private sector to fulfil military needs, enhance the national industrial base, and contribute to US global competitiveness.
These events provided the impetus for DoD to embrace the concept of technology transfer -as a way to accomplish both its defense mission and its Congressional mandate. From the outset, OTT has been developing policies and programs to foster technology transfer and transition. Its primary objectives are:
• to promote transfer of technology developed by DoD to the private sector and, when possible, to help transition this technology to DoD operational use
• to jointly develop technology having both military and commercial applications through cooperative R&D with the private sector
• to access leading-edge technologies developed by the private sector to benefit DoD's mission (DoD OTT, 2007) .
Benefits of technology transfer to the DoD
Much of the technology developed in the DoD laboratories is early stage and has to be further developed and commercially produced before it is of use to the US warfighter. By transferring technology to the private sector, DoD benefits in multiple ways. Commercial profit-driven businesses generally are much more adept than government agencies at converting technology into products. Through technology transfer, the private sector undertakes the expense of technology conversion, saving the government money. In addition, once a new technology becomes a Commercial-Off-The-Shelf (COTS) product, the government can acquire it at a lower price than if it had been developed and procured for military use only. As stated earlier, the two mechanisms most often used by DoD for technology transfer are licensing agreements and CRADAs. If technology transfer is accomplished under a licensing agreement, the originating DoD lab benefits from licensing fees and royalties, which it can use to reward inventors, promote innovation, and support the lab's technology transfer programs. CRADAs bring either funding or in-kind resources to the laboratory to further develop a given technology. They are seen by DoD as having the following distinct benefits:
• helping DoD to gain access to new technology to meet its defense mission
• reducing the cost of new technology development
• strengthening the US industrial base to support the defense mission
• promoting basic research that has the potential to lead to beneficial military-related technology in the future
• helping to assure access to high-quality technology by leveraging the innovativeness of the US private sector (DoD OTT, 1999).
Companies benefit from CRADAs by gaining access to specialised expertise, knowledge, and know-how in the DoD S&T community (DoD OTT, 1999) . In addition, as previously mentioned, CRADA provisions enable companies to acquire new intellectual property. Clearly, the use of CRADAs to facilitate technology transfer has been successful. Following DoD's embrace of technology transfer in the early 1990s, the number of CRADAs has grown dramatically. Total active CRADAs in the DoD laboratory system grew from only three in FY 1987 to 1350 in FY 1999 (OTP, 2002 and 2262 in 2005, not counting special purpose CRADAs (DoD OTT, 2006) .
In contrast, licensing from DoD to industry did not experience a similar dramatic increase. The total number of new licensing agreements grew from ten in FY 1987 (OTP, 2002 ) to 32 in FY 1999 (Booz-Allen and Hamilton, 2001 ). This is due to several factors. In part, DoD's limited growth in licensing is a result of the previously noted limited commercial potential of many DoD innovations. It is also due to various constraints on licensing of government technology to industry, many of which are faced by all US federal agencies, but some of which are specific to DoD due to the sensitivity of military-related or 'dual use' technology. The limited growth in DoD licensing is due as well to an often-expressed DoD lab preference for CRADAs because of their more immediate benefit to these labs.
DoD patent licensing policies and constraints
One of the primary motivations for Congressional passage of the Stevenson-Wydler and Bayh-Dole acts was to ensure that the US economy and the nation's citizens benefited from the expenditure of federal R&D funding. Because of the desire to enhance the competitiveness of US industry and derive maximum public benefit, certain restrictions and limitations have been placed on the licensing of laboratory inventions.
When granting exclusive or partially exclusive licenses, federal laboratories are required to give preference to small businesses (US Code 35 USC § 209. See FLC, 2005) . In addition, exclusive or partially exclusive licenses may only be granted under certain conditions:
• exclusivity is essential to ensure the investment capital and expenditures needed to bring an invention to practical application
• granting of exclusivity will not substantially lessen competition
• the applicant makes a commitment to achieve practical application in a reasonable time period
• the public is best served by granting some level of exclusivity (US , 2005) . The federal government also is required to retain certain rights to its inventions, including the right to make (or have made) and use the invention. In addition, the US government normally gives preference to US companies in the licensing of its inventions. Reasons for this are two-fold:
• the desire to ensure that technology developed with US taxpayer funding helps increase the competitiveness of US industry
• concerns over transferring technology with potential military applications to foreign companies, through which this technology might not be readily available for purchase by the US military or might even fall into the hands of hostile forces.
In practice, foreign companies can license DoD technology if these companies are based in 'friendly' countries and if the technology in question is not considered militarily sensitive. Licensing of US government technology to foreign-owned or foreign-controlled companies requires additional due diligence and justification, but is not prohibited by federal law or DoD. The reader is referred to 35 USC § § 200-209 and to 37 CFR § 404 for a full listing of the requirements and restrictions on licensing of government inventions. Although DoD's OTT develops technology transfer policies and programs, the actual execution of DoD technology transfer is very decentralised. Each service (Army, Navy, and Air Force) or defense agency (such as the National Security Agency, the National Geospatial Intelligence Agency, the Defense Advanced Research Projects Agency (DARPA), and the Missile Defense Agency) establishes its own policies and directives for execution of technology transfer. In addition, each laboratory within a given service or agency is responsible, through its ORTA, for carrying out that lab's day-to-day technology transfer activities.
In most DoD laboratories, the ORTA has a myriad of duties. Generally, it is responsible for all of the lab's technology transfer activities, including marketing of laboratory expertise and capabilities, marketing of patented technology, and drafting and negotiating technology transfer agreements. In addition, it is typically responsible for numerous outreach activities, such as organising and conducting lab tours. As a consequence, even though ORTAs are staffed with professional, well-trained personnel, each office has many competing demands on its time. For most laboratories, the largest returns come from CRADAs, which are important both monetarily and from a technology development perspective (DoD OTT, 2006) . Because of time demands and the priority given to CRADAs, it is difficult for ORTAs to engage in the highly directed, active marketing of their lab inventions that is necessary to ensure successful licensing programs. DoD's partnership intermediary approach offers a solution to this problem.
The partnership intermediary approach
As has been seen, DoD is the largest generator of new patented inventions in the US federal laboratory system, with 2955 issued patents from FY 1999 -2003 (DOC, 2004 . This represents 39% of all patents issued to US federal agencies during this period. On the other hand, DoD accounted for only 9% of all federal agency licensing agreements with industry during the same FY 1999 -2003 period (DOC, 2004 .
One of the key ways that DoD has been attempting to increase its number of licensing agreements with industry is through the use of third-party 'partnership intermediaries'. Partnership intermediaries are state government, local government, or non-profit organisations that facilitate federal technology transfer between federal labs and the private sector. The statutory authority for use of partnership intermediaries is 15 USC § 3715 (FLC, 2005) . This section was enacted as part of the Defense Authorization Act for FY 1991. Per 15 USC § 3715, directors of federal laboratories may enter into a contract or Memorandum of Understanding (MOU) with a partnership intermediary to perform services to increase the lab's success in conducting cooperative or joint activities with small businesses or educational institutions. The section furthermore allows federal labs to pay for these services out of funding available to support its technology transfer function. The contract or MOU is known as a Partnership Intermediary Agreement (PIA).
In the first decade after the passage of this legislation, several DoD labs established partnership intermediaries to assist with technology transfer. Most were associated with a specific DoD laboratory and emphasised technology transfer to support localised economic development. In 1999, DoD created its first agency-wide partnership intermediary, TechLink. TechLink previously had been established at Montana State University in 1996 to increase the National Aeronautics and Space Administration's technology transfer activities in Montana and the surrounding rural states. Based on its success, TechLink received a Congressional appropriation in 1999 to establish a 'Defense TechLink' program to facilitate DoD technology transfer to companies in its region. Defense TechLink is overseen by the OTT, with its PIA managed through AFRL headquarters at Wright-Patterson Air Force Base in Dayton, Ohio, USA. Unlike previous partnership intermediaries, TechLink was mandated to establish technology transfer partnerships across the entire DoD laboratory system -including the Army, Navy, Air Force, and independent DoD agencies (DoD OTT, 2006) . Defense TechLink initially focused on increasing DoD's technology transfer activity with companies in the Northwestern USA. By 2001, however, it was tasked with increasing the number and quality of DoD's licensing agreements with industry. As a result of its new licensing emphasis, TechLink broadened its geographic focus for licensing of DoD technologies to companies throughout USA (DoD OTT, 2006) . To support that effort, TechLink implemented a multi-step process that involved:
• screening of all DoD-issued patents and published patent applications -a combined total of approximately 750 patents and patent applications per year
• selection of a portfolio of DoD technologies for marketing to industry, based primarily on the following criteria: technology readiness level, innovativeness of the technology, strength of the patent claims, and commercial viability
• engaging in highly focused marketing to industry by directly contacting companies identified through background research as promising licensing candidates
• assisting companies interested in licensing DoD technology to evaluate the technology for their intended applications, understand DoD lab requirements and expectations as well as government regulations, and prepare high-quality license applications, including commercialisation plans
• staying involved throughout the license negotiation and completion phases to facilitate communications between the DoD lab and the company and help resolve any problems that might arise
• helping to establish a related CRADA between the DoD lab and the company where appropriate -either before the licensing agreement (to enable the company to more thoroughly evaluate the DoD technology for its application), or simultaneously with the licensing agreement (to enable the company to benefit from ongoing interactions with the DoD inventor or inventors and DoD to benefit from company improvements to the technology). • licensing agreements (Swearingen, 2006) . SpringBoard, established at the Juneau Economic Development Council in Juneau, Alaska, USA, in 2006, facilitates technology transfer partnerships between DoD labs and Alaskan companies (Swearingen, 2006) . Finally, T2Bridge, a collaboration between Concurrent Technologies Corporation (CTC) and East Carolina University, founded in 2006, focuses on technology transfer between DoD and companies in the southeastern USA (Swearingen, 2006) .
Strengths of the partnership intermediary approach
Much of TechLink's success has resulted from the inherent strengths of the partnership intermediary approach. This approach provides an innovative way to facilitate technology transfer between federal labs and the private sector. It offers distinct benefits to both sides.
One overriding advantage of the 'partnership intermediary approach' is that partnership intermediaries can function as objective, third-party brokers (Swearingen, 2007) . DoD's agency-wide intermediaries are fully funded (whether directly or through a Congressional appropriation) and neither charge companies for their services nor have a financial interest in the technology transfer agreements that they facilitate. As a result, they are perceived as neutral parties whose motive is to achieve 'win-win' agreements between DoD and industry. This objective, third-party position is reinforced by the fact that the partnership intermediaries represent DoD's OTT -which is charged with ensuring that DoD successfully engages in technology transfer to achieve both its defense mission and its Congressional mandate. Being seen as objective, third-party brokers enables partnership intermediaries to facilitate communications between DoD labs and companies and help solve problems that arise in negotiation, keeping agreements on track.
In terms of their specific value to DoD labs (Swearingen, 2007) , partnership intermediaries can engage in proactive, focused, and sustained marketing of lab technologies and capabilities. In addition, partnership intermediaries can follow-up on inquiries about technologies that lab personnel do not have the time to pursue. They are closer to the marketplace and, through getting to know the technology needs of specific companies, can employ a 'technology pull' approach to help establish both licensing agreements and CRADAs. Partnership intermediaries also can help DoD lab personnel to understand the commercial value of their technology. By actively helping companies to establish high-quality CRADA Statements of Work (SOWs) and licensing applications, including the essential technology commercialisation plans, they can ensure that lab technology transfer and legal personnel do not have to review incomplete or substandard documents. Because of their independent, third-party nature, they are able to facilitate communications between the labs and companies in ways that lab personnel are unable to. Finally, because they work with many different DoD labs, partnership intermediaries are able to spread 'best practices' and innovative approaches to technology transfer across the DoD lab system as well as leverage opportunities across multiple labs. This helps to improve the efficiency and quality of DoD technology transfer (Swearingen, 2007) .
In terms of their value to industry (Swearingen, 2007) , partnership intermediaries can help companies find innovative technology or R&D opportunities of which they would otherwise be unaware. They can help make government 'red tape' invisible through facilitating companies' interactions with the labs, explaining lab requirements and government regulations, and helping prepare some of the required paperwork for establishment of CRADAs, licensing agreements, or other technology transfer partnerships. They can help companies to understand lab expectations. They can also help conduct market research to establish the value of licensable technologies and, as previously mentioned, they can help companies to develop viable license applications and commercialisation plans. In short, partnership intermediaries can provide valuable technology "matchmaking" services to both labs and companies, helping to bring technology transfer deals to completion by facilitating communications, providing troubleshooting, and serving as a mediator throughout the process.
Case study of TechLink-assisted licensing
To date, TechLink has helped to facilitate over 125 licensing agreements for DoD. The inventions transferred to industry span the entire technology spectrum and include advanced materials, such as a method for processing filamentary nanocarbon; biomedicine, including diagnostic tests for diverse life-threatening diseases; communications, such as plasma antenna technology for wireless applications; electronics and sensors, such as an innovative perimeter security system; various laser-related technologies; software, such as risk-analysis and medical information management software; and miscellaneous other inventions, ranging from improved energy bars, to a self-erecting tent, to a new type of insect repellent.
A case study of a specific TechLink-facilitated licensing project will help to illustrate how a partnership intermediary can support government licensing to industry. This case study will provide insight into the partnership intermediary approach and will be used to generate hypotheses about why this approach is successful (Flyvbjerg, 2006) .
Since 2003, TechLink has been helping the Naval Air Systems Command (NAVAIR) in Patuxent River, Maryland, USA, to license its novel metal coating technology to industry. The technology is an environmentally benign replacement for hexavalent chromium, which has been widely used for more than 50 years to prevent corrosion of metal parts, but is highly toxic and presents serious risks to public health and the environment.
The NAVAIR technology involves a suite of patents and patent applications and is referred to collectively as Trivalent Chromium Pretreatment and Post treatments (TCP). Like hexavalent chromium, TCP improves the corrosion resistance and bonding of paints to metals. However, TCP is non-toxic and environmentally benign. In addition, it is cost competitive with hexavalent chromium coatings and far out-performs non-chromate coatings. TCP currently is the only non-hexavalent chromium conversion coating that fully meets all of the military specifications for pre and post treatment of aluminum.
TechLink became aware of TCP in 2003 through its periodic review of new DoD patents. At that time, the TCP technology consisted of four issued patents, which focused primarily on providing corrosion resistance and bonding of paints to aluminum alloys and anodised aluminum. TechLink recognised that this technology had both commercial and military applications and was an excellent candidate for a 'win-win' licensing opportunity that would benefit both the US military and the private sector. TechLink approached NAVAIR's technology transfer personnel with a proposal to market TCP nationally and assist in the subsequent licensing process. Together, TechLink and NAVAIR developed a plan for a nationwide marketing and licensing campaign for TCP.
In executing this plan, TechLink and NAVAIR developed a competitive request for license applications with a fixed timetable. TechLink contacted more than 40 companies that were identified as high-priority candidates to inform them of this licensing opportunity. Thirty of these companies expressed an interest in the TCP technology. NAVAIR, with TechLink assistance, subsequently provided a complete packet of information on TCP to these companies -including the patent information, performance data, and marketing materials. TechLink also arranged for teleconferences between interested company technical personnel and the TCP inventors.
Fourteen of the initially interested companies requested samples of the TCP coating for their own in-house performance testing. TechLink worked with NAVAIR to facilitate limited purpose CRADAs (like material transfer agreements but with data-sharing clauses) so that the companies could obtain TCP samples. Eight companies subsequently decided to submit license applications. TechLink assisted all of these companies with their license applications and commercialisation plans. To facilitate NAVAIR's evaluation of the license applications, TechLink standardised all of the applications, summarised the terms offered by the companies so that NAVAIR could easily compare these terms, and provided technical support to NAVAIR tech transfer personnel in reviewing the applications. NAVAIR decided to pursue licensing agreements with seven of the companies. During the following negotiation phase, TechLink facilitated communications between NAVAIR and the license applicants.
At the end of 2004, NAVAIR decided to award non-exclusive licenses to four companies for manufacture, use, and sale of TCP in USA, Canada, and Mexico. Two of the licensees are US companies and two are German companies, one of which has extensive operations in USA. In addition to the four non-exclusive licenses, NAVAIR awarded one of the German companies an exclusive license to TCP for all geographic areas outside of North America.
Subsequently, the TCP inventors at NAVAIR developed improvements to the technology comprising improved buffers and stabilisers, colouration capabilities, and ability to coat other metals, including iron and magnesium. TechLink marketed the TCP improvements -consisting of two additional issued patents and five patent applications -to the original licensees, facilitated transfer of technical information, and helped establish limited purpose CRADAs to provide the companies with samples. Three of the four original TCP licensees have now licensed the improvements. TechLink assisted these companies with their license applications and commercialisation plans, then facilitated communications and negotiations between NAVAIR and the companies. Licenses to the suite of new TCP patents and patent applications were awarded to the three companies in September 2006.
In sum, to date, TechLink's intermediary efforts in close cooperation with NAVAIR have resulted in eight licensing agreements, and the TCP technology is now being broadly commercialised. In addition, TCP is being purchased and used by the US Navy for coating helicopters, with plans to extend its use to other military aircraft and ground vehicles. The anticipated ultimate result is the widespread replacement of hexavalent chromium in metal coatings with a much more benign coating, greatly reducing risks to worker safety, public health, and the environment.
The TCP example illuminates key benefits of the partnership intermediary approach. Following are hypotheses drawn from this case study about why the partnership intermediary approach was (and, more generally, is) successful:
• Throughout the project, TechLink was perceived by both NAVAIR and the involved companies as an independent, objective, third-party broker whose goal was to achieve 'win-win' agreements for both the lab and industry.
• TechLink was able to engage in extensive, focused marketing of the TCP technology to industry. At various times, up to four different TechLink personnel worked on this project.
• TechLink personnel were able to conduct the necessary market research to focus in on the best potential licensing candidates. The high percentage of licensing success helps confirm that this background research was effective.
• TechLink helped the 40 companies that it initially contacted to become immediately aware of the NAVAIR technology. Through discussions with the companies, TechLink staff learned that only one was previously aware of the TCP inventions. Probably, few would have become aware of these inventions through normal DoD lab marketing channels, consisting of posting technology opportunities on web sites, advertising in trade publications, and occasional participation at trade shows.
• TechLink helped the companies to understand DoD expectations and requirements for the licensing applications and commercialisation plans. This was important, because none of the licensees had previously licensed technology from the US government.
• TechLink's market research was essential in closing the gap between lab and industry valuations of the technology. This market research indicated that the commercial market for TCP was not as large as the lab anticipated and that the licensing companies would need to spend significant additional sums to bring the technology to market.
• TechLink helped to eliminate much of the perceived 'red tape' of working with the US government through explaining government regulations and expectations, setting up inventor interviews, handling the paperwork and logistics for obtaining TCP samples for evaluation, and helping the companies to prepare high-quality licensing applications and commercialisation plans.
• To assist the Navy lab in its evaluation of the licensing applications, TechLink helped standardise the license applications and summarised the terms of each application so that they could be easily compared. This helped put all of the applications on equal footing and expedited both the application and application evaluation process.
• Finally, TechLink facilitated communications and helped resolve issues and problems throughout the licensing process.
Conclusion
DOD is the largest US government R&D agency. However, the agency did not actively engage in technology transfer until after the Cold War. New legislation to facilitate federal technology transfer -combined with concerns about declining DoD R&D budgets and Congressional prompting -led the agency to embrace technology transfer in the early 1990s as a way to accomplish both its defense mission as well as its Congressionally established technology transfer mandate. Traditionally, DoD technology transfer has emphasised CRADAs. DoD's annual number of new licensing agreements is still only a small percentage of its new issued patents -not quite 11% in FY 2004 (DoD OTT, 2006 ), up from 6% in FY 1999 (Booz-Allen and Hamilton, 2001 ). However, the agency has recognised that it needs to increase its licensing to industry in order to more fully reap the benefits of its extensive in-house R&D. It is accomplishing this with an innovative new approach, the use of partnership intermediaries.
As this study has shown, even a single partnership intermediary with a relatively small staff can have a significant impact on a federal agency's technology transfer success -in this case, on its licensing success. Presumed reasons for this effectiveness can be reduced to four factors:
• the ability of partnership intermediaries to function as objective, third-party brokers, substantially assisting both sides throughout the licensing process
• their ability to be highly targeted in matchmaking between labs and industry, identifying high-potential licensing candidates and helping these companies to find innovative technology that otherwise they would never learn about
• their ability to maintain a proactive, highly engaged focus on all of the tasks necessary for successful licensing -including technology sourcing, evaluation and valuation, market and industry research, technology marketing, candidate qualification, expectation setting, communication facilitation, and troubleshooting as necessary
• their ability to disseminate 'best practices' from lab to lab, improving the efficiency and quality of the agency's technology transfer.
